Introduction: Gastrointestinal stromal tumor (GIST) with ulceration may
Introduction
Reports on laparoscopic local wedge resection (fullthickness resection) of duodenal gastrointestinal stromal tumors (D-GIST) are limited (1) (2) (3) (4) , despite the increased application of laparoscopic surgery in various fields. Although laparoscopic local wedge resection using a linear stapler is simple, this method can lead to excessive normal tissue removal, causing postoperative stenosis or deformity to occur in the narrow lumen of the duodenum. It can also be performed manually with electrocautery or ultrasonic coagulating shears intracorporeally. However, there is no consensus regarding the laparoscopic resection of epithelial tumors (adenoma and adenocarcinoma) or gastrointestinal stromal tumors (GIST) with ulceration by opening the intestine under the aeroperitoneum. D-GIST is a submucosal tumor that frequently has ulceration (44%) (5) . In cases with ulceration, tumor cells can exfoliate into the duodenal lumen, and the exfoliated cells may spill into the peritoneal cavity through the duodenal opening, which may lead to tumor cell seeding. In addition, laparoscopic closure of the duodenum without using a linear stapler after wedge resection requires advanced operator skills. As such, most surgeons are likely reluctant to perform laparoscopic local wedge resection for D-GIST (6) .
We have recently applied laparoscopy-assisted fullthickness resection (LAFTR) for local wedge resection of D-GIST with ulceration. LAFTR consists of four major procedures: (i) a laparoscopic Kocher maneuver; (ii) the creation of a small upper median laparotomy; (iii) the extracorporeal completion of the full-thickness resection under direct vision; and (iv) extracorporeal hand-sewn closure of the duodenal defect. This approach can resolve the problems that may result from laparoscopic surgery of the duodenum. We herein present LAFTR and review the operative outcomes of LAFTR in three patients with D-GIST with ulceration.
Materials and Methods
Between February 2016 and October 2016, three patients with D-GIST with ulceration underwent LAFTR. The three patients were two men and one woman with a mean age of 55 years (range, 45-69 years). Table 1 shows the clinical characteristics of the tumors. To establish the diagnosis and determine the exact location and extent of the tumors, all three patients underwent preoperative examinations including duodenoscopy (Figures 1a-c) , contrast duodenography, and CT. All tumors were submucosal tumors that had intraluminal and extraluminal growth and did not involve the papilla of Vater. In all three cases, the preoperative pathological diagnoses based on the results of punch biopsy of the ulceration of the tumor (n = 1) or endoscopic ultrasonography-guided fine-needle aspiration (n = 2) were GIST. We informed the patients of a procedure using minimally invasive surgery, namely, LAFTR, which they then expressly requested. Before LAFTR was performed, written informed consent was obtained from each patient.
Techniques of LAFTR
LAFTR consists of four major procedures: (i) a laparoscopic Kocher maneuver; (ii) an extracorporeal approach to the mobilized duodenum through the upper median incision; (iii) tumor excision by full-thickness resection under direct vision; and (iv) hand-sewn closures of the duodenal defect.
A 12-mm initial access site was established at the periumbilicus by the Hasson open technique. After a laparoscope was introduced through the periumbilical trocar, pneumoperitoneum was established using carbon dioxide at a pressure of 10 mmHg, and four additional trocars were placed ( Figure 2 ). Dissection of the right hepatocolic ligament and takedown of the hepatic flexure of the colon were initially performed with laparoscopic coagulating shears. The procedure was continued with a wide Kocher maneuver to mobilize the first and second portions of the duodenum. After it was confirmed that the mobilized second portion of the duodenum could reach the upper abdominal midline wall (Figure 3a) , an intraoperative duodenoscopy was undertaken to localize the tumors.
A 5-7-cm upper median laparotomy was made, and the mobilized first portion of the duodenum and either the gastric antrum (n = 1) or the second portion of the duodenum (n = 2) was extracted through this laparotomy site (Figure 3b ). Extracorporeally, a full-thickness resection with an adequate gross margin around the tumor was performed using an electrocautery device ( Figure 3c ). The full-thickness defect of the duodenum was closed transversely to preserve the duodenal lumen in two layers of interrupted sutures (Figure 3d ). After irrigation of the peritoneal cavity with 1000-mL saline, a closed suction drain was placed near the closure site of the duodenum. The resected specimen is shown in Figure 3e (case 3).
Results
LAFTR was successfully performed without any intraoperative adverse events ( Table 2 ). The mean operating time and estimated blood loss were 182 min (range, 179-183 min) and 34 mL (range, 26-42 mL), respectively ( Table 2 ). The entire circumferential margin of the specimens was pathologically negative for tumor cells.
None of the patients developed postoperative adverse events, such as hemorrhage, anastomosis insufficiency, surgical-site infection, or delayed gastroduodenal emptying. All the patients started oral intake on postoperative day 2. The drain was removed on postoperative day 4 in all the patients. Contrast roentgenography on postoperative day 4 or 5 showed neither duodenal deformity nor disturbance of gastroduodenal emptying in any of the patients. The mean postoperative hospital stay was 9 days. During the mean follow-up of 6 months (range, 2-10 months), the patients maintained their previous quality of life and required no restriction on food intake, and recurrence did not occur.
Discussion
In clinical practice, 20%-86% of cases with D-GIST have been reported to be treated by pancreaticoduodenectomy (PD) (7) . In most cases with GIST, the tumor grows expansively in the intestinal wall and rarely metastasizes to the regional lymph nodes. Therefore, GIST surgery requires neither lymphadenectomy nor wide surgical margins (8) , and PD may be unnecessary in many patients with D-GIST. Limited operative procedures, such as local wedge resection (full-thickness resection) or segmental duodenectomy, should be routinely considered when technically feasible. In fact, a recently published systematic review/meta-analysis comparing PD and limited operative procedures for D-GIST showed that the latter was associated with good oncologic outcomes and lower morbidity compared with the former (9) . As such, the mainstay treatment of primary localized GIST is, at present, complete surgical resection with clear margins and without tumor rupture or tumor cell spillage, which can increase the risk of local recurrence and peritoneal dissemination (9) . Totally laparoscopic local full-thickness resection without a linear stapler (i.e. laparoscopic resection by opening the duodenum under aeroperitoneum and closure by intracorporeal sutures) and laparoscopic-endoscopic cooperative surgery may pose a significant risk of peritoneal seeding of tumor cells (2, (10) (11) (12) (13) . Tumor cells may spill into the peritoneal cavity during these procedures, leading to tumor cell seeding (10, 14) . Therefore, these procedures cannot be applied to lesions exposed to the surface of the mucosa, such as GIST with ulceration, and epithelial tumors (e.g. adenoma, adenocarcinoma) (13, 15) . GIST with ulceration may potentially disseminate into the peritoneal cavity after open intestinal wall incision (15) . As such, when excision of GIST with ulceration by laparoscopic full-thickness resection is planned, LAFTR may be oncologically reasonable. The extracorporeal procedures during LAFTR eliminate the possibility of tumor cells spilling into the peritoneal cavity. Totally laparoscopic local full-thickness resection without a linear stapler is highly challenging technically (16, 17) . The laparoscopic closure by intracorporeal sutures requires advanced operator skills and poses a significant risk of anastomotic leakage (16, 17) . The incidence of anastomotic leakage in the laparoscopic closure of the duodenum after full-thickness resection was reported to be 14% (16) . Anastomotic leakage of the duodenum prolongs hospitalization and may lead to fatal conditions, including abscess formation, sepsis, and hemorrhage. LAFTR has several advantages over the totally laparoscopic procedure. Meticulous extracorporeally hand-sewn closures of the duodenal defect can minimize the possibilities of postoperative hemorrhage, anastomotic insufficiency, and duodenal deformity. Extracorporeal procedures can eliminate the possibility of deep surgical-site infection and peritoneal or port-site seeding of tumor cells. In the present study, none of the patients developed postoperative adverse events, such as hemorrhage, anastomotic leakage, surgical-site infection, duodenal deformity, or peritoneal recurrence.
One potential disadvantage of LAFTR over the totally laparoscopic procedure may be the need for an upper median incision. However, this style of surgery (i.e. laparoscopy-assisted surgery with a small upper median incision) is generally less invasive, offers faster recovery, and has fewer complications than conventional open surgery (18) . One of the possible limitations of LAFTR is that it cannot be applied to patients with tumors in the distal duodenum (third and fourth portions) because the mobilization of these portions is technically difficult by laparoscopic procedures. If LAFTR were to be applied to lesions in the distal duodenum, the wide Kocher maneuver and intestinal derotation may be needed (19) . Such application of LAFTR would be difficult, timeconsuming, or impossible. Obese patients and/or patients with large tumors (>5 cm) may require a large laparotomy in LAFTR. A small incision (up to 5 cm) may be insufficient for extracorporeal procedures in such patients.
In conclusion, LAFTR is a feasible, safe, and minimally invasive treatment for selected patients with GIST with ulceration in the first and second portions of the duodenum. Further investigations involving more cases are required to determine the value of LAFTR, but it may be a more reasonable and oncological alternative to other laparoscopic procedures.
